Abstract This contribution studies the technological capabilities of Central and Eastern European (CEE) economies based on priority filings for the period of 1980-2009. From a global perspective, the indicators suggest a division of labour in technological activities among world regions whereby Europe, Latin America and the former USSR are specializing in sectors losing technological dynamism (Chemicals and Mechanical Engineering) while North America, the Middle East (especially Israel) and Asia Pacific are increasingly specializing in Electrical Engineering, a sector with significant technological opportunities. Regarding priority filings, CEE reduced its technological activities drastically after 1990. The recovery of CEE economies regarding technological capabilities is unfolding very slowly. The results speak for the ability of CEE countries in contributing to a limited number of fields with growing technological opportunities. The technological profile of the CEE region will more likely than not complicate the technology upgrading process towards activities at the technological frontier.
Introduction
This contribution studies the evolution of the technological capabilities of CEE economies in the period 1980-2009. A number of empirical studies have explored how the legacy of a central planning system has influenced the functioning of Central and Eastern European (CEE) innovation systems in market economies (Meske 2004; Kravtsova and Radosevic 2012; EBRD 2014) These contributions stress that, considering the systemic character of technological change and innovation, the path of technological development of CEE economies draws to a large extent on the technological capabilities accumulated in past, on the integration of these economies in global markets and on the changes in the institutional structures shaping innovation related activities. Other research has provided empirical evidence for the increasing integration of CEE economies into the world markets and the institutional restructuring of innovation related activities towards research and development models of market-based economies (Radosevic and Auriol 1999; Landesmann and Székely 1995) . Given these findings the challenge is now twofold. Firstly, as for other catching up economies, in the case of CEE countries, there is a need for capturing the incremental technological advance that is relevant to their productivity growth. Secondly, the assessment of technological capabilities needs to consider global trends in technological development and the position of CEE economies in a dynamic technological landscape. To explore these issues we use patent indicators based on so-called ''priority filings'' and derive specialisation indicators.
Patent indicators have a long tradition in the analysis of innovation and technological activities (Archibugi 1988; Griliches 1990; Grupp 1998) . The strengths and weaknesses of patents for these purposes have been discussed extensively (see for example Archibugi 1992 for an overview). A weak point of patents as an indicator is that not all technological inventions are patentable. Moreover, there exist a different propensity to patent across technologies and sectors. Accordingly, patent indicators measuring technological specialisation and its changes across time are biased towards those technological activities that can be captured by patents (Archibugi 1992; Pavitt 1988) . Archibugi (1992) points out that patents capture a technological capability but are most appropriate to trace technological capabilities with a business potential. From this perspective, in the context of technological catching-up, patent indicators show a further weakness: they underestimate imitative and incremental type of technological activities (Puga and Trefler 2010) . The underestimation is even larger if indicators use foreign patent applications only (counts of patents or patent applications in foreign countries from the perspective of the inventor). In the case of CEE economies, there has been a significant disparity between domestic patenting and patenting abroad (Archibugi 1992) . By being focused only on technology effort at the world frontier, indicators based on foreign patenting are misleading indicators for the domestic technological capabilities in this region (Marinova 2001) .
Despite these limitations, there is an extensive body of empirical research based on patents comparing technological development across countries and sectors (Nagaoka et al. 2010; Nesta and Patel 2013; OECD 2009 ). However, the existing studies on CEE economies use mainly US patent data to analyse technological development before and during the transition period from planned to market economies. Radosevic and Kutlaca (1999) analyse the patenting activity of CEE in the United States (US) for the period . Their data suggest that, regarding US patents, in the 1970s technological activities of CEE economies increased compared to the less developed EU countries and other economies with comparable income. In the 1990s technological activities fell sharply. Only in Hungary and in the ex-Yugoslavia (Croatia and Slovenia) technological activity remained above the levels of the 1970s. The technological specialisation analysis by Radosevic and Kutlaca (1999) suggests that the technological advantages of CEE economies were based on metallurgical and mechanical technologies as well as in chemicals/drugs. Marinova (2001) compares the technological activities of formerly planned economies with OECD countries for the period 1976-1999. Again, her analysis suggests that, regarding US patents, CEE economies experienced a decrease in their technological activities in the 1990s. The gap between CEE economies and developed market economies was relatively significant. Regarding technological specialisation, CEE countries had a technological strength in the fields of ''petroleum, coal and chemicals''. More recently, also drawing on US patents, Lengyel et al. (2015) have studied the geographical distribution of technological activities in CEE economies. Their analysis suggests that CEE inventors tend to agglomerate in selected regions as is the case in western economies. Moreover, by identifying cross-border interactions in patent applications (considering different national locations of patent assignees and inventors), the results suggest a strong role played by foreign multinationals in the domestic technological activities of CEE economies.
By using US patent data, these contributions capture the technological activities being carried out in CEE with higher market value. However, to obtain a full picture of technological capabilities in CEE, incremental technological improvements and technological activities with lower international business potential should also be considered. For this purpose, we have developed patent indicators based on the worldwide count of priority filings (de Rassenfosse et al. 2013 ) for the period 1980-2009. By using priority filings, the results capture a more in-depth view of the development of the technological capabilities of CEE economies before and after the transition period. The next section describes the data used and the methodology applied for deriving indicators and the limitations. ''CEE in the global technological landscape'' section presents the analysis of patent activities of CEE economies from a comparative perspective. Different world regions are considered and compared to CEE. The presentation of indicators at the national level for CEE countries follows in ''Technological specialisation of CEE countries'' section. The discussion of the main findings closes the paper in ''Conclusions'' section.
Data and methods
To capture technological capabilities of CEE economies in a more comprehensive way than research contributions have done so far, we develop patent indicators based on counts of priority patent applications filed by a country's inventors. A priority filing is the first patent application filed to protect an invention. Accordingly, to capture the technological capabilities of a country we count the priority filings of the inventors located in the correspondent country independently of the location of the patent office where the filing has taken place. The geographical dimension of the priority filing is determined hence by the location of the inventor. This seems more appropriate for our purposes since the location of the inventor indicates most likely where the technological capabilities have been accumulated (or where the inventive activity takes place). Unlike US patent counts or, transnational patent counts or triadic patent families which capture ''inventive performance'', the methodology developed by de Rassenfosse et al. (2013) captures ''the (overall) inventiveness of countries''. In their view, ''inventive performance'' involves the assessment of patenting activities regarding high-value patent indicators while ''inventiveness'' shows to the success of countries engaged in technological activities and applying for patents to protect their inventions independently of the value of the invention. Using data from the Worldwide Patent Statistical Database (PATSTAT, October 2012) and applying the search algorithm developed by de Rassenfosse et al. (2013) we derive indicators for CEE countries and selected world regions.
1 To cope with the missing information in the database regarding the location of inventors we use the search algorithm provided by de Rassenfosse et al. (2013) . The algorithm estimates the missing information by using available information in the family of the priority filing.
A potential bias of our data is that the patent counts include filings from different patent offices which operate under different regulatory regimes (de Rassenfosse et al. 2013 ). Especially in the case of Japan, the Japanese Intellectual Property (IP) framework seems to inflate the counts of priority patents of Japanese inventors. Recently changes in the US patent system have led to bias towards trivial patents which transformed the patent system 'from a shield that innovators could use to protect themselves, to a grenade that firms lob indiscriminately at their competitors, thereby increasing the cost and risk of innovation rather than decreasing it' (Jaffe and Lerner 2006; p. 2). As they point out 'the weakening of examination standards and the increase in patent applications has led to a dramatic increase in the number of patents granted in the U.S' (ibid, p. 3). However, as the overall effects of this bias are not yet clear we interpret US patents data at their face value. Also, our time horizon of analysis extends well before these changes. Overall, an institutional bias needs to be taken into account when making crosscountry comparisons between countries with radically different IP frameworks or various national propensities to use of patents as an instrument of intellectual property rights.
To study the changes in technological specialisation of world regions and countries we draw on the technological classification developed by Schmoch (2008 Schmoch ( , revised in 2013 to define 35 technological fields that can be grouped in 5 technological sectors (Chemicals, Electrical Engineering, Mechanical Engineering, Instruments, Others) based on the International Patent Classification (IPC). If a priority patent application includes patent classes that belong to different technological fields or sectors, the classification follows a fractional counting methodology.
The specialisation analysis develops first the RTA-Revealed Technological Advantage Index (Soete and Wyatt 1983; Frietsch and Schmoch 2010; Zheng et al. 2011 ). This indicator was originally developed by Balassa (1965) in the context of trade and export specialisation patterns of countries. For our purposes the inidcator allows the analysis of the technological specialisation of a country or world region vis-à-vis the specialisation of the world in a given period. For a specific country and technology, if the indicator is 1 the share of the technology in the total patent output of the country equals the share of that technology in the world patent output. If the indicator is greater than 1, the country is relatively more specialised in the technology compared to the world output in the selected period and less specialised if the indicators are lower than one. Secondly, to account for changes in the specialisation profiles we draw on the approach put forward by Kropacheva and Molero (2013) . Considering the Revealed Technological Advantage (RTA) of each world region or country in the respective technological sector/field and the shifts in the RTA values over two periods, technological sectors/fields are classified as being:
• ''Continuous advantages'' if they display a RTA [ 1 in both periods under consideration, • ''Newly gained advantages'' if they display a RTA [ 1 in the recent period and RTA \ 1 in the oldest period, 1 The world regions and countries included are listed in the annex. In the data collection the countries considered in the world regions change according to the respective political transition. In the case of Central and Eastern Europe (CEE), after 1990 Czechoslovakia and Yugoslavia do not appear in the patent statistics. Data for CEE region after 1990 include Croatia, Slovakia Slovenia. Czech Republic, Hungary, Poland, Romania, Bulgaria Latvia, Lithuania, Estonia.
• ''Lost advantages'' if they display a RTA \ 1 in the recent period and RTA [ 1 in the oldest period and • ''Continuous disadvantages'' if RTA \ 1 in both periods.
The aim of this classification is to differentiate between the technological sectors where regions and countries have been traditionally engaged in accumulating capabilities from sectors where regions are starting to specialize and to create absorptive capacity in novel technologies for the region.
Finally, the analysis considers the directions of technological change from a global perspective. For this purpose an indicator of technological dynamisms is derived for each technology and sector (see Table 1 ). In line with Radosevic and Yoruk (2014) we use the difference between the shares that each technological sector holds in the total patent output in the period 2000-2009 and in the period 1980-1989. Changes in the shares in each period reflect whether the respective technologies are gaining importance in relative terms or are stagnant. Drawing on Radosevic and Yoruk (2014) we interpret this dynamic as changes in the opportunities for technological change (technological opportunities) in the respective field/sector (i.e. sectors with larger potential for implementation and commercialization). Table 1 gives the data for the number of priority filings in each technological field and sector and the respective share in the total output. Also, the table includes the indicator for technological dynamism for each field and sector. The sector ''Electrical Engineering'' has experienced a strong relative growth in the overall patenting activities suggesting the presence of technological opportunities (especially in the fields of ''computer technology'' and ''digital telecommunication''). The sector ''Other fields'' (which includes consumer goods and civil engineering) has also gained relative importance especially in the field ''Furniture and Games''. Interestingly, the sector ''Mechanical Engineering'' has reduced its share of priority patents in the overall patenting activities which can be interpreted as a relative decline of technological opportunities. The same holds for the sectors ''Chemicals'' and ''Instruments''. Apart from some exceptions (such as ''Pharmaceuticals'', ''Food Chemistry'', ''Nano-technology'' and ''Medical Technology''), the technological fields in these sectors are stagnating in terms of technological opportunities compared to other fields. These indicators of technological dynamism will be considered in the technological specialisation analysis.
CEE in the global technological landscape
The study of technological capabilities of CEE starts with a short overview of how technological capabilities have developed globally in terms of priority filings. As explained in the introduction these indicators are most suitable for capturing indigenous incremental technological capabilities relevant for the home economies. The location of the inventor determines the origin of the patent. Figures 1 and 2 give time series for the period 1980-2009 of absolute and per capita number of priority filings in 9 world regions.
In absolute terms the number of priority patents assigned to inventors from Asia Pacific is by far the largest and about 6 times larger than the next larger region, the EU15, in the year 2009. Due to the institutional bias in the data for Japan pointed out in the previous section, the data for Asia Pacific has been given with and without Japan.
2 Asia Pacific is in absolute terms the strongest region in the number of priority patents. In the 1990s, China and Korea have increased their technological activities notably compared to the countries in the other world regions. The former USSR experiences a strong decrease in the number of priority patent applications after 1990 and recovers only slightly at the end of 1990s. Their level of patenting activities stays above the CEE achievements. CEE experiences a decrease in patent activities at the end of the 1980s and do not recover. These trends hold as well for the per capita indicators. In line with previous research (Marinova 2001; Radosevic and Kutlaca 1999 ) the novel indicators based on counts of priority filings suggest a drastic slowdown of the accumulation technological capabilities in CEE countries after 1990. 3 The recovery of the former USSR after 1998 is quite clear (Fig. 2) . Regarding priority patents, EU15 is the second strongest world region followed quite closely by North America in absolute number of priority patents in the period 1980-1999. However, EU15 seems to be able to maintain the level of patent applications after 2005 while North America's annual level decreases slightly.
To account for the heterogeneity in Central and Eastern European economies in the accumulation of technological capabilities the analysis focuses next on patent intensity at the country level. Table 2 gives the cumulative patent intensity in three periods for the CEE economies and selected economies for comparison. a Difference between the shares in the first and last period (1980-1989 and 2000-2009) 3 One of reviewers to this paper wonders whether the sharp drop after 1990 could be attributed to the higher propensity to patent in the socialist system. In the fUSSR only there was a system of 'authors certificates' which were considered a lower form of IPR and were usually awarded to employees as a recognition for their technical improvements. However, data on priority patents for fUSSR do not include this form of IPR. Also, 'authors' certificates' did not exist in CEE. Finally, drop in patenting after 1990 was also very sharp for US patents from CEE/fUSSR were there was not possible institutional bias (for details see Radosevic and Kutlaca 1998) . We explain a sharp drop in patenting as the outcome of transition from closed to open economy which leads to reduction of 'reinventing the wheel' technology effort into which economy was forced due to its closed nature or excessive import substitution. An example of inverse transition from relatively open to economy isolated under international sanctions which has induced 'reinventing the wheel' technology effort confirms the relevance of this hypothesis (see Radosevic 1999a, b who analyses also innovation activities of FR Yugoslavia (Serbia) in the period of international sanctions). .
In the period 1980-1990 CEE countries maintain a relatively high level of priority patents per capita compared to Germany, the UK or Russia. Czechoslovakia was clearly the leading CEE country regarding patent intensity followed by Hungary and Bulgaria. After 1990 the patent intensity of all CEECs (except ex-Yugoslavia) falls dramatically. CEE countries fall clearly behind Asian economies, other European countries, the USA and Russia. The overall patent activity in the fUSSR and Russia dropped at rate similar to Table 2 Cumulative patent intensity (cumulative priority patent applications per 1 mio inhabitants per period) in CEE and benchmark countries (1980-1989, 1990-1999, 2000-2009 (1) Data for the periods 1980-1989 and 1990-1999 have been estimated based on the total priority applications in the fUSSR region in the respective periods and the share of the country in the fUSSR priority patent output in the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] (2) fUSSR includes national data for the former USSR countries excluding the Baltic countries CEE countries. However, as suggested in the analysis of the world regions in the previous section, Russian patent activity has fully recovered and is at a level well above the CEECs. Despite this sharp decrease in the level of patent intensity of CEE economies in the most recent period, the region witnesses diverging national performances. Slovenia becomes the economy with largest levels of patent intensity in the latest period reaching the level of Denmark. Hungary and Czech Republic are able to maintain only half of their patent intensity before 1990. Bulgaria and Romania are the countries of countries with the sharpest decrease after 1990. They hold lowest patent intensity below 40 patents per million inhabitants per year in the period 2000-2009.
Technological specialisation in the global technological landscape
The specialization analysis considers firstly RTA indicators for 5 technological sectors (Chemicals. Electrical Engineering, Mechanical Engineering, Instruments and Other fields). These are calculated for each world region in two periods: 1980-1989 and 2000-2009 . Considering the variation in the RTA indicators for each region, the sectors are classified as ''Sectors of Continuous Advantages'', ''Sectors of Newly Gained Advantages'', ''Sectors of Lost Advantages'' and ''Sectors of Continuous Disadvantages'' as given in Table 3 .
For most regions technological sectors can be classified either as sectors of ''Continuous Advantages'' or as sectors of ''Continuous Disadvantages'', which means that changes in the technological specializations of regions at the level of the 5 technological sectors considered are minor. Especially the profiles of South EU and Asia Pacific remain rigid in terms of specialization. On the one hand, ''Chemicals'' and ''Mechanical Engineering'' are traditional sectors of technological activities in CEE, EU15 and South EU. On the other hand, ''Electrical Engineering'' is a sector of continuous disadvantages in Europe as well as in the former USSR and Latin America. The indicators suggest that specialization is persistent and historically rooted. The few shifts in the specialization profiles can be observed in the former USSR and Latin America (increasingly specializing in ''Chemicals''), in North America and Middle East (increasingly specializing in ''Electrical Engineering'') and in CEE (increasingly specializing in ''Other fields'' which includes ''Consumer Goods '' and ''Civil Engineering'' technologies) .
This specialization analysis is extended to the technological dynamism of the different sectors. For this purpose the graphs in Fig. 3 Table 1 . This combination allows us to classify the sectors for each region as:
• Sectors of static specialization: sectors the region is specializing in (RTA [ 1) that report decreasing technological dynamism; • Sectors of dynamic specialization: sectors the region is specializing in (RTA [ 1) that report increasing technological dynamism; • Retreat sectors: sectors with RTA \ 1 in the corr4espong region that experience decreasing technological dynamism; • Sectors of lost opportunities: sectors with RTA \ 1 in the corresponding region that report increasing technological dynamism.
The sectors ''Electrical Engineering'' and ''Other fields'' (which covers the technological fields ''Consumer Goods and ''Civil Engineering'') are the two sectors with increasing technological opportunities (Table 1) . Considering the technological dynamism of the sectors the results suggest that North America, the Middle East (especially Israel) and Asia Pacific are increasingly specializing in ''Electrical Engineering'' and exploiting a ''dynamic specialization'' in this sector (see the graphs for the respective regions in Fig. 3 ). On the other hand, Europe, Latin America and the former USSR are losing technological opportunities in ''Electrical Engineering''. These regions are maintaining a specialization mainly in stagnant sectors with declining technological dynamism in the global patent activities (Chemicals and/or Mechanical Engineering). The focus of European regions (South EU and EU 15) and Latin America on ''Other fields'' over the whole period seems to be the only path towards the accumulation of technological capabilities in fields of increasing technological opportunities. CEE is also newly diversifying towards this sector (see Table 3 ; Fig. 3 ).
The technological specialization of CEE countries
The comparison of the specialization profile of CEE with other world regions suggests a moderate ability of the region to contribute to the development of technological sectors with increasing technological opportunities. Next, the analysis will take a closer look at the technological specialization considering changes in the national technological specialization profiles across 35 technology fields. The analysis allows to account for heterogeneity across CEE countries and technology fields. Table 4 provides a classification of the specialization of CEE countries in 35 technological fields considering the shifts in their specialization indicators over time. For CEE, our analysis shows that as already discussed, ''Chemicals'' and ''Mechanical Engineering'' are traditional sectors of revealed technological advantage in CEE.
The results presented in Table 4 suggest that the focus on the sector ''Chemicals'' is persistent over time in all CEE countries. Even though ''Chemicals'' is a stagnant sector in terms of technological dynamism, a closer look at technology fields within ''Chemicals'' shows that in the most dynamic fields in Chemicals (''Pharmaceuticals'', ''Environmental Technology'', ''Biotechnology'' and ''Food Technology'') CEE countries show either a ''continuous advantage'' or a ''New advantage''. The results in Table 4 show that all CEE countries are specializing in ''Pharmaceuticals'' and in ''Environmental Technology''. Moreover, most CEE countries (except for Romania and Hungary) are specializing in ''Biotechnology''. The indicators suggest that CEE economies have strengthened their focus on their traditional technological fields in Chemicals nonetheless, at least for some countries, they have focused on chemical technologies with increasing technological opportunities. Exceptions to this development are Romania and Croatia that seem to be losing technological advantage in the field of ''Biotechnology''. A further exception is that most CEE economies have lost advantage in the field of ''Micro-Structural and Nanotechnologies'', which displays as well increasing technological opportunities within Chemicals. Only Bulgaria, Czech Republic, Latvia and Slovenia are newly specializing in this dynamic field.
So far as ''Mechanical Engineering'' is concerned, Table 5 gives data on Priority Patent Applications in CEE countries for two periods. The patent output in the region is mainly sustained by Poland and Czech Republic that hold together more than 50% of the priority filings counted in the region in this sector.
According to the information presented in Table 4 , the revealed technological advantage over time of CEE in ''Mechanical Engineering'' is mainly driven by the continuous specialization on the fields ''other special machines'', ''engines, pumps and turbines'' and ''thermal Processes and apparatus''. CEE countries either have continuously focus on these fields since the 1980s or started to focus on them more recently. These three sectors account for a negative indicator of technological dynamism. However, CEE economies are (100) Total number and national shares in ( )
Conclusions
The paper is the first comparative analysis of technology accumulation of the CEE economies and fUSSR area using priority patents. The advantage of using priority patents for regions like former socialist countries which by and large belong to middle-and lowerhigh income economies is that priority patents can proxy much better their overall technology effort. Foreign patents (like USPTO data) by inventors from these economies protect largelly world technology frontier activities of these economies which gives very partial picture given that the majority of their technology effort is about incremental technology improvements and behind the technology frontier activities. The results that emerge from our analysis should be interpreted in the light of two key stylized facts from innovation and development literature (Freeman and Soete 1997; Kornai 2010 , Fagerberg et al. 2005 . First, technology accumulation represents the basis for the long-term productivity growth. In short and medium-term countries can grow based on non-technology factors but in the long-term they grow either based on imitation or on technology accumulation at the world frontier (Aghion et al. 2015) . Second, technology accumulation is the country specific process and is the outcome of interaction of technology import and endogenous technology efforts. In a short and medium term countries can growth either on mere openness or being closed but being active in terms of endogenous technological efforts. However, catching-up requires coupling between import of technology and endogenous technological activities (Radosevic 1999a, b; Freeman 2006) .
Based on this perspective we focus on CEE but from a broad comparative angle. The overall picture that emerges is characterized by simultaneous persistence and path dependence of technology accumulation specialization patterns among world regions and by dramatic shifts among country groups in terms of catching up, falling behind and forging ahead.
First, there is dramatic falling behind of the CEE in between socialist period (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) and the last decade (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . In per capita terms the cumulative patent intensity of CEE in the socialist period was clearly behind the UK and Germany but equal to or higher than the US and several times higher than the intensity of Korea and Taiwan. However, this picture has dramatically reversed during transition period of the 1990s as Korea and Taiwan not only caught up but forged ahead in terms of patent intensity. A very high patent intensity of the CEE in the socialist period shows the dominance of behind technology frontier technology efforts which on average have significantly declined afterwards as they have opened themselves to foreign technology inflows after 1990.
Second, during the post-socialist period the patent intensity of the CEECs (except Slovenia) has fallen further behind. So, economic recovery and catch-up during the 2000-2009 period has not been followed by increasing patent intensity. This is corroborated by Kravtsova and Radosevic (2012) who show that increases of productivity in postsocialist countries are closely related to increases in production capability, not to technology intensity. A decline in incremental technology activities as proxied by priority patents was especially severe in fUSSR as these economies were more closed during the socialist period and thus suffered bigger transition shock. 4 However, there is also a visible recovery of technological activities in Russia as well as increased divergence among the CEECs. The former USSR (fUSSR) recovered slightly at the end of the 1990s to reach a level above CEE. Russia has fully recovered in terms of domestic technological activities and our estimates suggest that its patent intensity is well above the CEE. CEE countries have either slowed down the accumulation of technological capabilities in the period 2000-2009 or have revived technological activities. Only Slovenia, Poland and the Czech Republic (together Estonia and Latvia) are triggering the accumulation of technological capabilities in the most recent period. The other CEE countries have very stagnant levels of patenting activities. A higher technology intensity of Russia in the recent period demonstrates the revival of incremental technology activities which are not at technology frontier but are the reflection of domestic led technology modernization. A persistent lack of recovery in priority patenting of CEE is the outcome of much bigger openness of these economies and intensive technology inflows through their very high FDI dependence.
In terms of technological specialization, the analysis based on RTA indicators and their changes between the periods of 1980-1989 and 2000-2009 In a nutshell, the specialization analysis points out at a global division of labor whereby EU and fUSSR together with Latin America are more specialized in ''Chemicals'' and ''Mechanical engineering'' (sectors losing technological dynamisms) while Pacific (North America and Asia Pacific) and Middle East (especially Israel) are triggering activities in the most dynamic sector (''Electrical Engineering''). These regions are hence broadening their technological capabilities and are increasing absorptive capacity in the more dynamic technological fields while Europe and fUSSR) are accumulating knowledge in, on average, less dynamic technological sectors. It is interesting that at the high level of aggregation (5 sectors) the technology knowledge specialization patterns of the former socialist world is quite close to the EU specialization pattern which again reiterates the historically rooted nature of technological trajectories. In that respect, the wider Europe share as its common feature strong specialization in much less dynamic areas ('Chemicals and 'Mechanical Engineering') and de-specialization in much more technology dynamic area of 'Electrical engineering'.
Technology specialization patterns of CEE remain strongly focused on ''Chemicals''. The data indicate a recent diversification towards chemical fields with technological dynamism such as ''pharmaceuticals'', ''biotechnology'' and ''environmental technology''. This indicates the ability of some of the CEECs to accumulate knowledge in the most dynamic of chemical fields. Several CEE countries (Croatia, Slovenia, Slovakia, Czech Republic and Romania) continue to exhibit continue technological advantage in ''Mechanical Engineering''. However, given the stagnant developments in this sector the results are discouraging for the accumulation of technological capabilities. The same holds for the relatively weak engagement of all CEE countries in dynamic fields such as ''semiconductors'', ''audio-visual technology'', and ''telecommunication technologies''. Hungary, Estonia, and Latvia are the only CEE economies which have gained RTA in some fields of ''Electrical Engineering''. Nonetheless, CEE countries are exceptionally focusing also in technological fields beyond the core sectors such as in the fields of ''medical technologies'' (in the sector ''Instruments'') or in ''furniture and games'' (in the sector ''Other fields''). Again, ''medical technologies'', ''furniture and games'' show a very dynamic trend in the technological landscape which confirms the potential of CEE to accumulate technological capabilities in fields with increasing technological opportunities.
CEE shares fully structural features of the technology specialization of the wider Europe i.e. of the EU15 and fUSSR. This last conclusion raises the important policy issue: should Europe specialize in 'Electrical engineering' technology area where ICT producing sectors play prominent role? This issue is reflection of the prevailing view that the EU productivity weaknesses is structural in nature i.e. it is concentrated in a narrow set of ICT producing industries (van Ark et al. 2008 ). In the light of our evidence on the persistence of patterns of technology accumulation and specialization it seems more appropriate to build on its strengths in chemicals and mechanical engineering areas by fusion with electrical engineering knowledge rather than try to change at large specialization pattern.
The analysis based on counts of priority filings complements existing evidence based on US patent statistics and confirms that CEE experienced a strong drop in the accumulation of technological capabilities after 1990. The recovery is unfolding very slowly. The paths of technological development do not differ greatly across CEE countries in terms of specialization so there is strong regional pattern which reflects historically rooted paths of technology accumulation of the wider Europe. In general terms, CEE countries are not accumulating technological capabilities in fields with increasing technological opportunities. In a nutshell, technological activities focus on traditional technological fields which are comparatively stagnant. Specialization in dynamic technology fields beyond the core sectors ''Chemicals'' and ''Mechanical Engineering'' remains an exception.. The technological profile of the CEE region can make the technology upgrading process difficult. The challenge is to develop strategies to effectively utilize their acquired science and technology capabilities but also to embark into new technologically dynamic areas.
